with herds without dairy cattle, increasing herd size, purchase of cattle from markets, location of the farm in 32 the proactive area of the RBCT compared with survey only and location of farms in Somerset and North 33
Devon. 34
35
The lower risk of HBD in the first year after restocking but not the second or third year suggests that 36 removal of all cattle might have lowered the infectious load of M. bovis on these premises for a period of 37 time but that this did not persist once cattle were reintroduced. Purchase of cattle from markets suggests that 38 there was a risk of introduction or re-introduction of bTB from these cattle. Method of storage or lack of 39 storage of slurry might aid persistence of M. bovis in the environment if M. bovis survives in slurry in some 40 circumstances. 41 45 Bovine tuberculosis (bTB) is a zoonotic disease caused by Mycobacterium bovis, which infects a broad 46 range of species, including wildlife (O' Reilly and Daborn, 1995) . In Great Britain (GB), there has been a 47 Griffin et al., 1996) and survival of M. bovis in cattle slurry (Scanlon and Quinn, 2000) . England with a high incidence of bTB. In each triplet there were three randomly allocated badger treatments, 78 giving 30 trial areas. The three treatments were proactive culling (widespread culling of badgers on all 79 accessible farmland within the triplet, regardless of the bTB status, and repeated at intervals), reactive 80 culling (localised culling of badgers on farmland after a HBD had occurred), and survey only (no culling of 81 badgers). Culling did not start simultaneously in all triplets and in some, culling did not start until after the 82 end of the foot and mouth disease (FMD) the RBCT trial area and farm were identified by codes and the nature of badger control was not disclosed to 139 the researchers. Codes were disclosed after data analysis was complete. 140
Introduction
One hundred and fourteen farmers (all except 33 which were only rearing beef cattle and one that left the 141 study after completing the questionnaire), also participated in a study of five other endemic diseases, where 142 blood samples were taken from cattle >2 years old (Woodbine et al., 2008 (Woodbine et al., , 2009a 2009b) . These farmers 143
were visited once in each year of the study when blood samples were taken and once when they were 144
interviewed. This helped maintain compliance with the study. In November 2004, a letter was sent to 145 farmers thanking them for their collaboration in the study and for the data provided. herd year with 148 herds and up to 3 years of data per herd. The binary outcome variable was whether an 152 unrestricted herd experienced its first HBD during that year. A HBD was defined as the disclosure of at least 153 one reactor on an unrestricted herd at the SICCT test, whether this was later confirmed or not. Once a herd 154 had experienced a HBD it was censored. 155
There were 190 non-independent questions asked, most were binary and not exclusive. These were screened 156 in groups with RBCT trial area and restocking status forced into sub models based on variables listed in 157 The farms were located in all six counties (Table 2) where the RBCT was conducted, but in only six (A, B, 175 C, H, I and J) of the ten RBCT triplets, and eleven of the thirty RBCT trial areas (37.2% were in reactive, 176 27.7% in proactive and 35.1% in survey only areas). 177 178 
218
The aim of this study was to investigate herd management factors associated with HBD with bTB in areas 219 with a high incidence of bTB, including farms where FMD led to restocking of herds, providing information 220 on the impact of removing all cattle. The study population were farms located in the RBCT where bTB is 221 endemic. There was no difference in the proportion of farmers who participated in the cohort study when 222 categorised by restocked and continuously stocked farms. The recruitment of restocked farms was limited 223 by the number of farms that were destocked and subsequently restocked and were in the RBCT. Apart from 224 being in the RBCT no criteria (i.e. history of bTB on farms where farms restocked from) were applied for 225 the selection of restocked farms in the study. All wholly restocked farms in the RBCT were offered to the 226 study as restocked farms (VLA, personal communication). 227
Over 80% of the herds in the study had been tested for bTB in the 18 months before October 2001, with 228 50% tested between October 2000 and October 2001. Farms that were restricted during FMD were not 229 tested with follow up tests until the FMD epidemic was over and so undisclosed bTB infection might have 230 been spreading within these herds. We included these herds only after they were unrestricted giving 231 staggered entry time to the analysis. We tested whether a HBD before 2001 was a significant risk for HBD 232 after 2001: it was not when other variables were included on the model, indicating that previous HBD is 233 probably a correlate of other management practices that we investigated. 234
Given that the sensitivity of the skin test is approximately 70% (Monaghan et al., 1994) , the true bTB 235 infection status of the herds is impossible to assess accurately. We therefore assessed survival to HBD in this 236 analysis, rather than infection with bTB. All test types were used to identify HBD and all HBD were 237 included in the analysis whether reactors were confirmed by post-mortem examination and or culture or not. 238
Although only 75% of the HBD were confirmed, we believed it appropriate to include unconfirmed HBD in 239 the analysis because the characteristics of the SICCT (low sensitivity and high specificity) and the herd sizes 240 in this study are such that few, if any, tests would be false positives. There are still relatively few studies of risk for HBD in GB and this study was the first cohort study and the 246 first to investigate risks of restocking in an area of the country considered endemic with bTB. The variables 247 investigated were not independent and were typically a series of questions that overlapped (e.g. to identify 248 the type of manure produced, stored and spread was approximately 15 questions to ascertain 3 variables). 249
All the questions were possible explanations for the occurrence of bTB from cattle, the environment and 250 from other animal species. There were fewer less correlated variables in the sub-models and the variables in 251 the final model were not correlated. We therefore consider that the risk of false positive associations whilst 252 present is low; unfortunately because of the numbers of farms available the power of the study is also quite 253 low. The results from this study will be useful to test hypotheses that arise from it using other data and could 254 be used to initiate intervention studies. Where results agree with other case control and case studies they 255 contribute to the evidence base for a risk; for example, the purchase of cattle from markets is repeatedly 256 identified as a risk for HBD. 257 258
Study results
259
The purchase of cattle into a herd can introduce cattle infected with bTB, even in an area endemic with bTB; 260 this new introduction is an important cause of persistence because herds are re-exposed and possibly re 261 infected each time infected cattle are purchased. Purchase of cattle from markets, in particular, was a risk for 262 HBD in this study and has been reported as a risk for HBD in other studies (Pfeiffer and of HBD from restocking. The number of restocked farms was small and the association was not precise, 272 perhaps because of low power, however it was present. One explanation for this could be that these farms 273 had a period of time without any cattle and that the infectious load on the farm, both from slurry (less 274 produced and so less spread) and excretion of M. bovis by cattle, decreased temporarily. It is also possible 275 that cattle in these newly formed herds had less M. bovis infection initially (from undetected infected cattle) 276 than cattle in continuously stocked herds in this endemic area if they were, on average, sourced from herds 277 with a lower prevalence of bTB; this has been reported for IBR (Woodbine et al., 2009a) and Johnes disease 278 (Woodbine et al., 2009b) . It is also possible (given the test sensitivity and cessation of testing for bTB in 279 2001) that continuously stocked herds had undetected infected cattle that were restricted on the farm and 280 untested because of FMD and so transmission of bTB was greater that usual in continuously stocked herds. 281
Both these processes indicate that perturbation of cattle (removal or stand-still) is associated with the risk of 282 HBD in these endemic areas. It is not possible from this study to determine whether HBD in restocked herds 283 was due to imported infection or residual/persistent infection on the farm, although this has been examined 284 using a different study (Carrique-Mas et al., 2008). 285
The increased risks associated with purchase of cattle and continuously stocked (vs restocked) farms are also 286 consistent with the presence of undetected infection in cattle which pose a risk to other cattle. There are 287 several options for increasing the detection of these infected cattle. These include ensuring that testing is 288 done to a high standard and interpreted objectively (Enticott, 2009) 
between individual cattle), and using an alternative or additional test such as gamma interferon (DEFRA,  291 2007). In the UK, pre-movement testing of cattle from herds tested at 1 or 2 year intervals is now 292 compulsory. This might help to reduce the number of undetected infected cattle movements, but will not 293 detect all infected cattle because of the sensitivity of the test. 294
The disruption of the RBCT during the FMD outbreak could have affected the impact of the trial on HBD 295
and might explain the contrasting results from the RBCT proactive trial areas for the first and second year. It 296 is important to appreciate that the current study was a subset of herds in the RBCT and that we had an 297 uneven number of herds from the three treatment trials and could not analyse the data by triplet. 298
Consequently, the results from the RBCT in our study are unlikely to reflect those of the whole RBCT study. 299
In the overall trial, proactive culling of badgers in the RBCT was associated with a lower risk of HBD, 300 although farms at the edges of proactive areas were less protected (Donnelly et al., 2007) . The impact of 301 culling by treatment and area within the RBCT has not yet been analysed fully. 302
In our study, spreading manure all year round and storing slurry in a closed container both increased the risk 303 of HBD. Heat and ultraviolet light from sunlight destroy microbes and these two factors might explain why 304 not storing waste (spreading manure all year round) or storing in a closed container were associated with an 305 increased risk of HBD; there was insufficient time or opportunity for light to destroy the bacteria before they 306 were spread on pasture. In both situations, M. bovis organisms are likely to have survived and been put onto 307 the pasture whist alive, suggesting a process by which M. bovis can be transmitted via pasture. This is 308 important because the public health recommendations for storage and spreading of slurry (the most common 309 form of faeces from dairy cattle farms) reduce exposure to sunlight and may enhance pathogen survival 310 (Menzies and Neill, 2000; Scanlon and Quinn, 2000) .The storage of manure for 6 months or more was 311 reported as a risk for transient HBD as opposed to persistent HBD with farm restrictions for more than 6 312 months by Reilly and Courtenay (2007) . 313
Larger herd sizes have been reported as a risk for HBD in previous studies (Pfeiffer and Morris, 1991; 314 Griffin et al., 1996; Porphyre et al., 2008) . This fits with known patterns of infectious diseases where the 315 larger the population, the greater the probability that an infectious agent is introduced and persists. Since 316 HBD is defined as at least one positive bovine positive to the SICCT, and the animal test sensitivity is 317 approximately 70%, the probability of detection of at least one reactor will increase with herd size, assuming 318 that the number truly infected also increases with herd size. Dairy herds also have the potential to be at 319 higher risk of HBD, one explanation for this is that dairy cattle reach an older age than cattle intended for 320 meat and so have a longer time to be exposed and infected with bTB, and longer to incubate infection. They 321 also have many other different managements from beef cattle; e.g. milked twice a day, housed for large parts 322 of the year, and a different genetic background that might make them at increased risk of bTB or HBD. 323
Some studies have suggested that metabolic factors (Dubos, 1955) 
